Malnutrition is common in patients with chronic renal failure and is found to be associated with increased morbidity and mortality. Increased protein catabolism is considered to be an important cause of this problem. Based on abundant animal studies, uremia is believed to be inherently catabolic. Dialysis, especially hemodialysis, is thought to engender protein catabolism. Having studied this problem in chronic renal failure (CRF) population and having reviewed the literature, I came to the conclusion that when acidosis is corrected, uremia, per se, is not protein catabolic. Acidosis, however, does stimulate protein turnover and amino acid oxidation. Both hemodialysis and peritoneal dialysis are catabolic due primarily to protein and amino acid loss (1) . Opinion regarding exaggerated protein breakdown engendered by the hemodialysis procedure is divided.
In pre-dialysis patients, many nitrogen balance studies over the past three decades showed either neutral or positive balances despite low protein intake. Some patients received protein intake as low as 20 grams per day; essential amino acids were supplemented in some, but not all subjects. Amino acid release across a limb, estimated from the product of blood flow and arteriovenous amino acid concentration differences, also failed to document increased amino acid release in pre-dialysis patients as compared to normal subjects. Furthermore, in vivo whole-body amino acid flux measurements almost invariably showed reduced amino acid flux rates in the postabsorptive state, comparing renal failure patients and normal subjects. These data do not support increased protein degradation. Garibotto et al, like other investigators, showed that the release of total amino acids from the forearm was not different between the controls and the CRF patients. But forearm muscle kinetics using labeled phenylalanine showed that both proteolysis and protein synthesis are higher in the CRF patients. As a consequence of these counterbalanced changes, net balance was not increased (2) . This study again did not support increased protein catabolism. Most relevantly, the MDRD Study did not document any significant evidence of malnutrition in patients receiving 0.3 and 0.6 g of protein/kg/day over a two-year period of observation.
In peritoneal dialysis, there does not seem to be any concern about this treatment engendering proteolysis. The major problem is protein and amino acid loss. A number of measurements suggest that a protein intake of 1.1 g/kg/day generally produced a neutral or positive balance in peritoneal dialysis patients. In vivo whole-body leucine kinetic measurement of patients before and after initiation of maintenance peritoneal dialysis showed no difference in the flux rates or net protein balance in those two periods. Fur thermore, the data are not different from those obtained from normal subjects. This information suggests the absence of enhanced protein catabolism in peritoneal dialysis population.
In hemodialysis patients, metabolic studies showed that nitrogen balance was invariably negative on hemodialysis days, while it is either neutral or positive on non-dialysis days. This was taken as strong evidence that enhanced proteolysis occurred during the hemodialysis procedure. It should be emphasized that even though dialysate, urine and feces were collected for nitrogen measurement, the change in urea nitrogen pool was based on pre and post dialysis BUN. As we began to understand urea kinetics better, it became clear that the utilization of unequilibrated post dialysis BUN led to overestimation of urea generation on hemodialysis days. Consequently, nitrogen balance appeared more negative. Evidence supporting hemodialysis-induced proteolysis was subsequently reported by Gutierrez et al. In that study, forearm amino acid release in the postabsorptive state was measured in normal subjects before and during sham hemodialysis. The arterial and venous amino acid concentrations were not different before and during dialysis, but, for unexplained reasons, the arm blood flow rate was increased during dialysis, giving a much greater magnitude of amino acid release (the product of blood flow and arteio-venous concentration differences) from the forearm during hemodialysis.
Using an in vivo whole-body leucine flux technique, Lim et al found that hemodialysis is indeed a catabolic procedure as net protein balance was reduced by 70% compared to the predialysis value (3). This catabolism is due to amino acid loss and a reduction in protein synthesis during the treatment period. Ikizler et al, using similar technique, also showed a dramatic decrement in net protein balance by about 90% during dialysis. Again, this appeared to be a result of amino acid loss and a reduction in protein synthesis (4) . With regard to protein breakdown, Lim et al found that proteolysis was stable whereas Ikizler and colleague found an increase in proteolysis, the increment, however, was minimal, 10% higher than predialysis value. Thus, the two whole-body kinetic studies yielded similar results. Measurement of forearm muscle kinetics, however, disclosed a much different picture. During hemodialysis, Ikizler and colleagues found that forearm proteolysis rose by 134% over baseline, simultaneously, protein synthesis rate rose by 120%, and net forearm protein loss increased by 164% (4) . Blood flow to the forearm increased by 31% during dialysis. This magnitude of muscle proteolysis is not detected by wholebody kinetics. The reason for this discrepancy, between whole-body and forearm kinetics, is not obvious. The derivation of forearm kinetics is much more complex; it involves infusion of a separate isotope, the measurement of tracer specific activity, blood flow rate across the limb, and the arterial and venous amino acid concentrations.
In contrast to a single hemodialysis procedure, which is always catabolic for the reasons mentioned above, maintenance hemodialysis is not. In fact, we studied whole-body leucine kinetics longitudinal in the same subjects before and 8-10 weeks following the initiation of maintenance hemodialysis (5) . The data show a rise in protein synthesis rate and an improvement in net nitrogen balance during the latter time; these subjects were ingesting identical constant diet during the two periods. Thus, maintenance hemodialysis can be anabolic. In children with renal failure, with every level of protein intake, protein flux parameters increased following maintenance hemodialysis.
The notion that protein anabolism is achievable in hemodialysis patients is supported by two recent studies. Ikizler's group demonstrated that protein synthesis and net protein balance improved with intra-dialytic parenteral nutrition, IDPN (6), while Lim et al showed that administration of insulin with amino acids can induce protein synthesis and positive protein balance in hemodialysis patients (7) .
On a clinical level, chronic renal failure patients have relatively low BUN levels and the BUN/creatinine ratio is invariably low, <10:1. This is in contrast to acute renal failure patients whose BUN/creatinine ratio is often >20:1. Moreover, it is not uncommon to observe patients eating better and gaining body weight following initiation of dialysis treatment indicating that anabolism is, indeed, possible.
In summary, when acidosis is corrected, uremia, per se, is not protein catabolic. Peritoneal dialysis is catabolic due to protein and amino acid loss. The hemodialysis procedure is also catabolic because of amino acid loss and a reduction in whole-body protein synthesis. Whether the hemodialysis procedure additionally induces proteolysis is not universally agreed. While whole-body amino acid flux showed only minimal increase in protein breakdown, local forearm muscle kinetics, on the other hand, showed markedly exaggerated proteolysis during the procedure. The reason for such discrepancy between whole-body and forearm kinetics is not obvious. Maintenance hemodialysis collectively can result in protein anabolism.
Based on the data cited in this review, we recommend that a dietary protein intake of 0.8 g/kg/day is appropriate for the pre-dialysis population; and intake of 0.9-1.0 g/kg/day and 1.0-1.1 g/kg/day for maintenance hemodialysis and peritoneal dialysis patients, respectively, should be adequate (8) . The energy intake should be 30-35 Kcal/kg/day depending on the age and the activity of the patient.
